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3Abstract
The objective of this study was to examine the genetic diversity of two geographically separated
populations ofEastem fox squirrels (Sciurus niger) within the Indianapolis metropolitan area.
One population was located on Butler University's campus and the other at Eagle Creek Park,
located about 6.5 miles WNW from the Butler campus. DNA was extracted from tail hair
samples collected by live trapping squirrels during the summers of2007, 2008, and 2009. I used
microsatellite analysis to examine the genetic variation between the two sites. Hair samples
from 66 Butler squirrels and 30 Eagle Creek squirrels were analyzed using 4microsatellite
primers. The results from this study indicate that there is little genetic differentiation between the
Butler and Eagle Creek populations. This may be the result of either insufficient time for
divergence through genetic drift or, as this study suggests, sufficient gene flow across the
urban/suburban landscape.
Introduction
Centuries of land development have created fragmented landscapes (Rosenblatt et a1.,
1998). Habitat fragmentation may be defined as the disintegration of a continuous habitat or
matrix into smaller, geographically or structurally isolated habitat patches (St. Laurent et a1.,
2009; Ockinger et a1., 2009). The main sources of habitat fragmentation are agricultural and
urban development (Herkert, 1994). The Midwestern United States has a particularly strong
history of converting natural land for use in agriculture; consequently, many natural habitats
remaining in this region persist only as patches (Rosenblatt et a1., 1998). Indiana's landscape
consisted of over 85% forest in the 1800's; the "idle land" of these forests was reduced by about
78% by the 1990's (Nupp and Swihart, 1998). The staggering decrease in habitat area has been
further impacted by the more recent trend of urbanization (Nupp and Swihart, 1998; Kim and
Hellis, 2009). While a few communities have planned stricter and more eco-friendly
development that may include the use of native plants and natural drainage systems, most are
structured after standard urban development policies more concerned with neatness, sanitation,
and the'grooming' of the landscape rather than preservation. This standard urban development
is known to create a more fragmented landscape (Kim and Hellis, 2009).
The loss and fragmentation ofnatural habitats due to the expansion of agriculture and
urbanization is a serious threat to the fauna and flora inhabiting these once undisturbed
landscapes. Habitat fragmentation can have detrimental effects on various species.
Fragmentation can reduce the total area ofhabitat, reduce patch size, and increase the distance
between patches of viable habitat (Rosenblatt et a1., 1998). Reduced patch size and decreases in
resource levels may in turn lead to reduced population sizes, especially for less mobile species
(St. Laurent et a1., 2009). A reduction in population size can set the stage for local extinction
4
5events (Kim and Hellis, 2009) and random genetic changes through genetic drift, which result in
a decrease in the genetic diversity of a population (Freeman and Herron, 2004). A high level of
genetic diversity in a population increases the chance that some individuals can adapt to a
changing environment and/or survive an extinction event, while a homogenous population is
experiences decreased adaptive potential and is more vulnerable to extinction by disease and
other selection factors. Fragmentation can also restrict movement patterns across a matrix,
contributing further to the loss of genetic diversity because individuals in different populations
are unable to breed with each other. Restricted gene flow can further set the stage for genetic
drift or random loss of genetic diversity as small isolated populations receive little gene flow to
counter the random loss of heterozygosity that occurs within a small breeding pool.
While the degradation ofhabitat negatively affects biodiversity (Kim and Hellis, 2009),
not all species respond the same way to habitat fragmentation. Reaction to fragmentation is
primarily based on the differences in ecological characteristics and habitat requirements of each
species (Rosenblatt et aI., 1998; St. Laurent et aI., 2009; Ockinger et aI., 2009). It is therefore
necessary to study each species separately to fully understand their response to habitat
fragmentation (St. Laurent et aI., 2009). Across the urban/suburban landscape, several species
such as raccoons and coyotes appear to have adapted well to the fragmented habitat. Many of
these species have traits in common which may give an advantage, such as an affmity for edge
habitats and high mobility (Nupp and Swihart, 1998). The probability that a subpopulation
becomes extinct is likely inversely related to dispersal capabilities 01erboom and Apeldoorn,
1990). Mobile species tend to adapt well to fragmented habitats because they can redistribute
themselves between patches and retain some control over reproductive and mortality rates
(Pulliam and Danielson, 1991). Opossums, raccoons, and eastern cottontail rabbits all have been
6observed to move well across agricu1tura11andscapes (Rosenblatt et aI., 1998). The same traits
which allow some species to persist in agriculturally fragmented landscapes likely have played a
role in their urban success. Mobility between habitat fragments can also depend on perceptual
range, or the farthest distance an animal can perceive the next patch (Zollner, 2000). Species
which cannot perceive another habitat patch are unlikely to migrate there, even if they are
mobile. Further, a sedentary lifestyle and/or a specific habitat preference may accentuate the
negative effects of habitat fragmentation for a species. This is especially true for sedentary
species because they are unlikely to travel the necessary distances to reach another habitat patch.
For example, the disappearance of forests has particularly impacted flying squirrels, which
depend on trees for long-range movement. In an agricu1tura11andscape they become restricted to
only the largest forest tracts (Rosenblatt et aI., 1998).
To date, much of the information on the success and population dynamics of animal
species living in fragmented landscapes has been gained through trapping and radio-tracking
individuals. However, there are limitations associated with these methods. Multiple individuals
from a population must be radio-tracked over a substantia11ength oftime to accurately
characterize movement patterns. Rosenblatt et aI. (1998) monitored multiple individuals,
including mice, tree squirrels, foxes, and deer across agricu1tura11andscapes. Small mammals
were trapped for 2-3 nights, and the tracks oflarger mammals were checked within 48 h after
every snowfall for one winter season. While they did gather pertinent information on species'
movement from patch to patch, the accuracy of the information collected was limited by the
duration of the experiment. Using abundance in an isolated habitat patch as a reliable indicator
ofpopulation health and sustainability can also be misleading, as habitat remnants can act as
population "sinks" or more drastically as "ecological traps" (St. Laurent et aI., 2009). A
7population sink is a habitat where over time mortality rate is greater than reproductive rate
(Pulliam and Danielson, 1991). An ecological trap is habitat that is unsuitable for reproduction
and will eventually lead to a subpopulation's extinction. Traps are named such because despite
being low-quality habitats, they are preferred by animals over high-quality habitats (Battin,
2004). Snapshot evaluations ofpopulation density within a patch can be misleading because
habitats may serve as sinks or traps. The number of animals in' a habitat patch is not always a
positive correlate to reproductive success, length of residency, gene flow, or genetic diversity, all
processes involved in ecological adaptation (Parker et aI., 1998).
The recent development of microsatellites has given us a powerful tool to examine
population substructure and history. Genetic analysis can provide information on movement and
reproductive patterns previously difficult to obtain through trapping and tracking techniques.
Microsatellites are species-specific markers or sequences found regularly in most nuclear
genomes. They can be used to elucidate a number of ecological paraD;l.eters, such as relatedness,
migration rates, and the occurrence of genetic drift within a population. They can be isolated
from even small tissue samples such as hair, are easily stored, and are relatively inexpensive.
The use of microsatellites across multiple loci allows for greater resolution among individuals.
Ultimately, microsatellite analysis provides information about the genetic diversity among
individuals and populations.
Tree squirrels are prime subjects for understanding the effects ofurbanization on
p~pulationsas they are ubiquitous across urban/suburban landscapes. Tree squirrels are highly
mobile animals which depend mainly on forest habitat, preferably deciduous forest, to survive
(Koprowski et aI., 1991; Steele and Koprowski, 2001). Urban/suburban squirrels seem to have
8modified their basic ecology in response to the changing landscape by making use of urban
substrates, tolerating pavement, selectively choosing trees to nest in, and feeding from
birdfeeders (Steele and Koprowski, 2001; McCleery et aI., 2007). Long term trends indicate
that as forest cover has been reduced, gray squirrel (Sciurus carolinensis) populations have
decreased, while fox squirrel (Sciurus niger) populations have increased (Nixon et aI., 1978;
Nupp and Swihart, 1998). In fact, by their numbers, fox squirrels seem to have adapted very
well (Sheperd and Swihart, 1995; McCleery et aI., 2008); they are abundant and ubiquitous
across the urban/suburban landscape (Steele and Koprowski, 2001). Even so, urbanization is a
relatively recent development, and there is a lack ofbasic information on the population structure
and movement patterns of tree squirrels living in an urban/suburban setting. More specifically,
to my knowledge no genetic studies have been conducted on tree squirrel species in urban
settings. Genetic analyses could support the apparent success of tree squirrels living across urban
landscapes despite years ofhabitat fragmentation, or it might reveal signs of population isolation
not apparent by current patterns of abundance that could threaten populations long-term (Parker
et aI., 1998).
In this study, I use microsatellite technology to analyze the genetic diversity of two
populations of fox squirrels living within the Indianapolis metropolitan area. These two
populations are geographically separated by a suburban/urban matrix. It is possible that years of
fragmentation, first agricultural and then urban, have had an effect on the genetic diversity of
these populations. By collecting data on these populations known to be separated by farms and
roads for at least forty years, I hope to establish a baseline of information on the genetic diversity
of this species within a suburban/urban landscape. Future research may extend the results of this
9study to include different populations across the landscape, comprising a bigger picture of the
impact of fragmentation on this species.
Material and Methods
Study sites
Samples were collected from two sites located in the Indianapolis, Marion County
metropolitan area: Butler University's campus, 4600 Sunset Ave. Indpls, IN 46208 (390
50'21.83" N, 860 lO'16.65"W) and Eagle Creek Park, 7840 W. 56th St, Indpls, IN 46254 (390
52'00.94" N, 860 17'18.96"W). Butler University's campus is approximately 290 acres. The
main campus area is comprised of about 20 buildings, pavement, lawns, a botanical garden,and
scattered trees. Denser woodlots, including a horticultural garden area, are located on the north
side of campus (Figure 1). Woodlots consist of secondary growth dominated by deciduous trees,
especially Northern red oak (Quercus rubra), white oak (Quercu alba), sugar maple (Acer
saccharum) ash (Fraxinus spp.) elm (Ulmus spp.), hickory (Carya spp.), and hackberry (Celtis
occidentalis) (Salsbury et aI., 2004). The White River and Central Canal run along the west side
of campus.
Eagle Creek Park is located about 6.5 miles WNW ofButler's campus. The park was
established in 1962. It includes approximately 3,900 acres of wooded terrain and open meadows
and 1,300 acres water, mostly contained in the Eagle Creek reservoir (Eagle Creek Park
Foundation, Inc.). The park is maintained as a natural area, with many wooded trails and mowed
picnic areas (Figure 2). Second-growth forest dominates most of the park (Dolan and Moore,
1996).
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Trapping and tissue sample collection
Tissue for microsatellite analysis was obtained from hair samples collected from the tails
oflive-trapped squirrels. Double-door live traps (Tomahawk Live Trap Co., model 104,
24x6x6") were set out in the morning and checked every 1-2 hours until late afternoon for at
least 3 days a week. The traps were baited with salted whole peanuts. Captured squirrels were
tagged, weighed, and sexed, and approximately 50-100 hairs were gently pulled from the tail.
The ends of the hairs containing skin cells were isolated and placed in 1.5 ml microcentrifuge
tubes and stored at -75 DC until DNA extraction.
DNA extraction
Approximately 1 em of each of the 50-100 hairs containing follicle cells was isolated.
and placed in a microcentrifuge tube (1.5 ml) with Instagene matrix (200 Ill) containing chelex
beads. Chelex beads remove damaging heavy met~ls (Martin-Platero et aI., 2010) and allow a
greater amount ofDNA to be available for analysis (Trizio et aI., 2005). The tubes were placed
in a hot water bath (56°C) overnight. The following day, the tubes were vortexed lOs, boiled 8
min, vortexed lOs, and centrifuged 3 min (as adapted by Waits, 2005; Walsh et aI., 1991;
Goossens et aI., 1998). Centrifugation forced the chelex beads to the bottom of the tube.
Approximately 180 III of supernatant containing extracted DNA was transferred to a new
microcentrifuge tube; care was taken to avoid transferring Chelex beads. Extracted DNA was
stored at -20°C.
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peR amplification
No primers have been previously identified for the subspecies ofS. niger (S. niger
rufiventer) examined in this study, so multiple primers from closely related subspecies (Stacey et
aI., 2003 and Hale et aI., 2001) were screened. The primers chosen for screening were those that
showed the greatest amount ofpolymorphism in previous studies. The primers ultimately chosen
for this study were those that targeted and amplified fox squirrel DNA. Successful amplification
of DNA was determined by amplifying the DNA in the presence of each primer using PCR and
then examining the products using gel electrophoresis. Primers were considered successful if
fragments or bands of the appropriate microsatellite size appeared in gel electrophoresis.
Five primers targeted fox squirrel DNA effectively (Table 1). These primers were further
optimized by adjusting their annealing temperatures. A multiplex of 5 primers (diluted to 10%)
was used to target microsatellite loci. DNA (1 Ill) from each squirrel was amplified using the
Qiagen multiplex PCR kit (Valencia, CA). PCR was performed in a Biorad iCycler™ thermal
cycler with the following parameters:
Cycle 1: Ix Step 1: 95 DC for 12:00 min
Cycle 2: lOx Step 1: 94 DC for 00:15
Step 2: 56 DC for 00:15
Step 3: 72 DC for 00:15
Cycle 3: 30x Step 1: 89 DC for 00:15
Step 2: 56 DC for 00:15
Step 3: 72 DC for 00:15
Cycle 4: Ix Step 1: 72 DC for 10:00
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PCR products not immediately analyzed with gel electrophoresis were stored at-20 DC for future
analysis.
Gel electrophoresis and DNA fragment analysis
PCR amplification of samples was tested by performing electrophoresis of the samples in
a I% agarose gel. Each gel contained a mass ladder, a negative control showing one band
(indicating a primer-dimer), and several amplified samples. PCR amplification was considered
successful if the samples showed bands, or microsatellite fragments, within the·size range
appropriate to the primers (Table 1). Samples with successful amplification were sent to
MCLAB for fragment analysis. The results of the fragment analysis were then transferred to a
fragment analysis program (Softgenetics GeneMarker, v. 1.85) to determine fragment sizes.
GeneMarker results were reported as an electropherogram where sample microsatellite
fragment lengths corresponded to peaks. The location of a peak corresponded to the length of
the microsatellite fragment. The strength or height of the peak depended on the amount of
amplification ofthe fragment. Microsatellite fragments ofthe appropriate size range for each
locus (segment ofDNA identified by each primer) were recorded if the strength of their peaks
was stronger than surrounding fragment size peaks. Samples with fragments of similar peak
heights and differing by two or four base pairs, as appropriate to the allele repeat type, were
interpreted as heterozygotes, while samples with single fragment sizes were interpreted as
homozygotes.
An input data.file listing individuals, population origin for each individual, and fragment
sizes for each of the five loci per individual was constructed using Notepad. Fragment size
results from GeneMarker were not received as whole numbers (Appendix A), therefore fragment
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sizes were rounded up or down as appropriate from 0.5, and up from 0.6 -0.9. Fragment sizes
that did not round to a consistent, appropriate b.p. length were discarded and designated in the
data file as -9 (Appendix B). These data were then analyzed using Structure (version 2.3.2), a
program that uses genotype data to infer population structure (pritchard et al. 2000a). Analysis
parameters in Structure were set to a Burnin Period of 1,000,000 and MCMC repetitions of
1,000,000 after Burnin. Further, the data were run through the admixture model, using sampling
location information (LocPrior). Allele frequencies were set as correlated among populations.
The model assumed different values of Fst for different subpopulations.
Results
Seventy-one hair samples from Butler University's campus population were collected·
over the 2007,2008, and 2009 summers. Thirty-two hair samples were collected from the Eagle
Creek population during the 2009 summer.
Fox squirrelDNA was analyzed at five loci using four of the five microsatellite primers
(SFS43, SCV31, SCV9, and SFS36; Table l).The SFS43 primers amplified two different sites
approximately 30 b.p. apart and these sites are designated herein as SFS43a and SFS43b. The
primers for SCV4 were not used because all individuals were homozygous for this locus.
The Structure program determined the population locations to be non-informative (r
value =10.5472). Genetic variation among the population was calculated using the statistic FsT.
Structure calculated FST values separately for the Butler and Eagle Creek tree squirrel
populations.. The Butler population had an FST value of 0.2608 and the Eagle Creek population
had an FsTvalue of 0.3515. These low values suggest a low amount of genetic differentiation
between these populations. Structure also estimated the probability of assigning the data to the
14
correct population. The program was unable to distinguish populations by location and assigned
individuals almost equally to either cluster, or population (Inferred cluster 1 =0.505; inferred
cluster 2 =0.495). Thus, the Butler and Eagle Creek fox squirrel populations appear to be
genetically homogeneous.
Discussion
Results from Structure support initial predictions that the Butler and Eagle Creek tree
squirrel populations are genetically indistinguishable. While previous observations of abundance
have indicated fox squirrels' successful adaptation to the urban/suburban landscape, these results
additionally suggest successful movement and mating across this landscape. Structure calculated
an r value, which parameterizes how much of the population structure can be inferred from the ..
study site-location. When an r value is near or less than 1, then locations are informative, i.e.. ·
populations differ by location. The high r value generated for this data set suggests that
locations are not informative and there is no unique population structure by location. The amount
of genetic variance among populations was calculated using the statistic FST (Wright, 1965). FST
values range between 0 and 1. FST values closer to 0 suggest low variance due to a high amount
of gene flow among populations, which homogenizes the genetic structure of populations. The
low FST values reported in this study indicate that there is little genetic variation among the two
locations that may be the result of the homogenizing effects of gene flow or lack of time to
genetically differentiate. Structure also assigned individuals to clusters, in order to elucidate a
possible hidden structure among the populations (pritchard et aI., 2000a). Nearly equal numbers
of individuals from this data set were assigned to either cluster. Thus, the clusters generated
strongly support the lack of population structure among the locations.
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There are two likely biological explanations for the results obtained. One, it may be the
case that there is very little gene flow occurring between the Butler and Eagle Creek populations
but the populations have not been isolated long enough to genetically diverge. Two, there is
gene flow between the Butler and Eagle Creek populations resulting in a lack of genetic
differential population structure between the two populations. Gene flow is important with
regard to genetic diversity because it results in the transfer of alleles among populations. By
pooling genes from different populations, gene flow reduces the variation between groups and
delays or prevents reproductive isolation (Hendry et aI., 2002). Conversely, a lack of gene flow
leads to greater genetic differentiation between populations. Over time, the genetic differences
between groups may eventually lead to speciation (Freeman and Herron, 2006).
The Indianapolis-Marion County forest landscape has been fragmented or reduced for at
least 130 years. During the early 1800's, or pre-European settlement ofthe area, Marion County
consisted of 98% forests, with wetlands, and little to no prairie areas (General Land Office
Surveys ofMarion County, 1820-1822; Barr et aI., 2002). Forest cover was reduced to 40% by
1876 and by 1883 most ~fthe wetlands in the area were drained and tiled (Barr et aI., 2002).
Original forest cover, not including urban trees, was further reduced to 10% by 1952 (Barr et aI.,
2002). An aerial photo from 1941 clearly shows the degree of fragmentation of forested areas by
agricultural land use (Figure 1): Urbanization steadily replaced agriculture throughout the 19th
and 20th centuries, though it was most rapid in the 60's and 70's (Rosentraub, 2000). Original
forest cover was further reduced to approximately 1% in 1986 (Barr et aI., 2002). The current
urban/suburban landscape of Marion County (Figure 2) includes more trees scattered throughout
the landscape than were present when the landscape was dominated by agriculture in the early
1900's, however the original continuous forest cover remains largely absent.
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Animal migration, and therefore gene flow, between habitat patches depends in part on
the perceptual range of the species involved (Zollner, 2000). In an agriculturallandscape, large
fields can act as barriers to interpatch movement for forest-dwelling species (Rosenblatt, 1998).
In fact, fox squirrel movement is restricted in an agricultural landscape. Shepard and Swihart
(1995) conducted a study on the spatial dynamics of fox squirrels using radiotelemetry to
monitor 49 radio-collared adults in 12 woodlots. While home-ranges showed a positive linear
increase with woodlot size, squirrels did not appear to actually move between woodlots.
Restricted movement means very little or no gene flow occurs between groups. As a result, tree
squirrel populations living in woodlots isolated by agricultural land use can become genetically
distinct over time. An urban/suburban landscape containing more trees may create a more
suitable envirom:n.ent for gene flow. Tree squirrels are more likely to move across the landscape
when patches of habitat are more closely spaced. Further, fox squirrel movement is not deterred
by many exotic or introduced trees and urban substrates (McCleery et aI., 2007). However, if
migration has not occurred during the agricultural and urbanization periods of Marion County,
then the tree squirrel populations at Butler and Eagle Creek have been relatively isolated for at
least 130 years. This is probably more than enough time for the populations to genetically
diverge, since fox squirrels mate at least once a year, and begin to reproduce around one year of
age (Koprowski, 1994). Given the history ofland use in the area, insufficient time to genetically
diverge may not be a probable explanation for the homogeneity observed among the Butler and
Eagle Creek populations.
If one accepts the premise that the Butler and Eagle Creek populations were somewhat
isolated for many years and likely had time to genetically diverge, then recent gene flow between
populations may be a more reasonable biological explanation for the results found in this study.
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Gene flow is dependent on the ability of organisms to migrate and mate successfully. Genetic
characteristics will be more similar for populations that exchange genes, and even a small
amount of gene flow will decrease variation among populations (Hendry et aI., 2002 and Slatkin,
1985). The amount of gene flow necessary to sustain homogeneity depends on the size of the
population; less gene flow is needed to maintain homogeneity among smaller populations
(Hendry et aI., 2002). The results of this study suggest that the Butler and Eagle Creek
populations are likely experiencing sufficient gene flow to prevent genetic differentiation. This
conclusion is supported by previous studies where fox squirrels were observed to move freely
across urban landscapes (McCleery et aI., 2007).
This study marks the first phase of a multi-phase study to elucidate the genetic structure
of fox squirrels living across an urban/suburban landscape. Future phases of study will entail
examining the genetic characteristics of additional populations of fox squirrels living in various
locations across the landscape. By examining the genetic similarities and differences among
squirrel populations in light of landscape characteristics, we can gain a more complete
understanding of the effects of urbanization and habitat fragmentation on fox squirrel
distribution, abundance, and movement. Ultimately, information gained from studying fox
squirrels will add to our overall understanding of the impact ofurbanization on a variety of taxa.
18
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Figure Legends
Figure 1. Aerial photograph shows the agricultural fragmentation in Marion County, Indiana in
1941. Fox squirrel populations at the Butler University and the future Eagle Creek Park are
approximately 6.5 miles apart.
Figure 2. Satellite image taken in 2009 shows the current landscape fragmentation in Marion
County, Indiana. The Butler University campus and Eagle Creek Park are located
approximately 6.5 miles apart.
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Table 1. Five microsatellite primers were optimized to target fox squirrel DNA. S.c. refers to Sciurus carolinensis
and S.v. refers to Sciurus vulgaris.
Repeat Ta # of
Allele
Locus Primer Sequence 5'-3 ' SizeType (OC) Alleles Range
SFS 36 F:AGCAGAGGATGCTACAAGTGC [CA] 13 58 12 186- StaceyetR:AAAGCCCCATAACAGGTTCC 212 aI., 2003
SFS 43 F:GCCTTCCTGGATCATGAGGC [CT]zz 62 10 . 148- StaceyetR:CTGGTGATGTAACTCAGTGGG 178 aI., 2003
Scv4 F:CTGGAGATGGAGTGAGTGAGG [GT]z3 52 (S.c.) 6; 199- Hale et aI.,R:CCAGGAATCCTCTTGAATGC (S.v.) 6 215 2001
Scv9 F:TCATGCTAATGCCAATCACAA [ACAGh 54 (S.c.) 5; 190- Hale et aI.,R:TGGAAGTTCTGTGGACGTTTC [ACh4 (S.v.) 5 218 2001
Scv 31 F:CCAAGTTCCAGACCAACCTC [AG]z9 52 (S.c.) 6; 179- Hale et aI.,R:TCGGGTCTCTAAGGAGATGG (S.v.) 10 201 2001
N
U1
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887 2 159.3 181.5· -9 158.1 198.6 182.2 177.9
890 2 157.4 181.6 -9 158.1 198.7 184.3 178.8
890 2 159.4 181.6 -9 160.2 198.7 184.3 178.8
894 2 157.3 181.6 198.9 157.2 198.6 181.8 177.9
894 2 157.3 181.6 198.9 159.2 198.6 185.2 177.9
899 2 159.4 181.6 199 157.2 198.7 .181.8 178.9
899 2 159.4 183.4 199 159.2 198.7 184.4 178.9
900 2 157.4 181.6 199 159.2 198.7 185.3 178.9
900 2 159.5 181.6 199 159.2 198.7 185.3 181.6
902 2 157.3 183.5 199 157.6 198.8 182.3 -9
902 2 157.3 183.5 199 157.6 198.8 182.3 -9
905 2 159.4 181.6 199 157.2 198.7 181.8 178.9
905 2 159.4 181.6 199 157.2 198.7 184.4 181.5
906 2 157.3 181.5 198.9 159.1 198.6 181.7 177.9
906 2 159.4 181.5 198.9 159.1 198.6 185.1 177.9
908 2 -9 181.3 -9 -9 -9 -9 -9
908 2 -9 183.3 -9 -9 -9 -9 -9
913 2 -9 -9 198.6 159.2 198.6 -9 -9
913 2 -9 -9 198.6 159.2 198.6 -9 -9
916 2 158.8 - 181.2 198.7 157.6 198.4 185 -9
916 2 158.8 181.2 198.7 157.6 198.4 185 -9
923 2 157.4 -9 198.9 158.2 198.5 181.8 178.9
923 2 159.3 -9 198.9 158.2 198.5 184.4 178.9
926 2 159.4 183.5 199 158.2 198.7 -9 -9
926 2 159.4 183.5 199 158.2 198.7 -9 -9
928 2 157.4 181.6 199 159.2 198.8 181.8 178.9
928 2 159.4 183.5 . 199 159.2 198.8 185.2 178.9
929 2 -9 -9 -9 -9 -9 -9 -9
929 2 -9 ~9 -9 -9 -9 -9 -9
939 2 157.3 181.5 198.8 158.2 198.6 185.2 178.8
939 2 159.4 181.5 198.8 158.2 198.6 185.2 178.8
944 2 157.3 181.5 198.9 158.2 198.6 181.8 -9
944 2 157.3 181.5 198.9 158.2 198.6 181.8 -9
952 2 -9 -9 -9 -9 -9 -9 -9
952 2 -9 -9 -9 -9 -9 -9 -9
ECM 2 157.3 181.6 198.9 158.2 198.6 182.7 178.9
ECM 2 159.4 184.3 198.9 160.2 198.6 185.2 178.9
401 1 154.4 -9 203.7 156.1 -9 -9 197.3
401 1 158.6 -9 203.7 156.1 -9 -9 197.3
417 1 157.8 181.2 198.7 157.8 198.4 181.5 -9
417 1 157.8 181.2 198.7 157.8 198.4 184.5 -9
426 1 157.5 181.8 199.2 158.4 199 184.6 179.1
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426 1 157.5 181.8 199.2 158.4 199 184.6 179.1
426564 1 157 181.8 199.3 ·158.4 199.1 184.6 179.1
426564 1 157 181.8 199.3 158.4 199.1 184.6 179.1
526 1 157.4 181.6 199.1 157.6 198.9 182.3 -9
526 1 157.4 181.6 199.1 157.6 198.9 184.9 -9
529 1 154.4 -9 212.3 156.1 -9 -9 202
529 1 154.4 -9 212.3 160.2 -9 -9 202
531 1 157.5 -9 -9 159.3 -9 -9 -9
531 1 159.6 -9 -9 159.3 -9 -9 -9
535 1 152.4 -9 -9 178.2 -9 -9 -9
535 . 1 152.4 -9 -9 178.2 -9 -9 -9
536 1 156.7 181.2 198.6 158.6 198.4 182.3 -9
536 1 156.7 181.2 198.6 158.6 198.4 184.9 -9
539 1 156.9 181.2 -9 157.7 199 182.4 -9
539 1 156.9 181.2 -9 159.7 199 182.4 -9
541 1 158.5 181.8 -9 159.3 198.9 182.4 179
541 1 158.5 181.8 -9 159.3 198.9 182.4 179
544 1 154.3 -9 203.5 156 -9 212.2 197.2
544 1 156.4 -9 203.5 160.1 -9 212.2 . 197.2
545 1 154.8 -9 206.5 154.4 -9 206.8 -9
545 1 154.8 -9 210.9 160.7 -9 206.8 -9
553 1 157.4 181.2 -9 157.7 199.1 181.5 178.5
553 1 159.4 183.2 -9 157.7 199.1 181.5 181.2
555 1 154.5 -9 208.3 158.3 -9 210.6 202
555 1 154.5 -9 208.3 160.4 -9 216.3 202
556 1 156.7 181.2 -9 157.6 198.5 182.4 -9
556 1 158.8 181.2 -9 157.6 198.5 182.4 -9
556693 1 157.4 181.7 199.1 158.2 198.9 182.8 -9
556693 1 157.4 . 181.7 199.1 158.2 198.9 182.8 - -9
557 1 158.6 -9 -9 156.1 -9 215.1 201.9
557 1 158.6 -9 -9 156.1 -9 215.1 201.9
566 1 154.4 -9 203.6 158.2 -9 -9 -9
566 1 154.4 -9 208;1 158.2 -9 -9 -9
567 1 156.5 -9 206.3 154 -9 214.6 200
567 1 156.5 -9 210.7 160.2 -9 214.6 200
570 1 154.5 -9 206.4 156.2 -9 206.8 200
570 1 156.6 -9 206.4 156.2 -9 214.8 200
571 1 150.9 -9 -9 148.9 -9 -9 -9
571 1 150.9 -9 -9 148.9 -9 -9 -9
572 1 159.5 181.7 -9 157.7 198.9 181.4 178
572 1 159.5 183.5 -9 160.2 198.9 184.9 178
590 1 154.5 -9 203.8 156.2 -9 204.1 197.3
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590 1 158.7 -9 203.9 158.2 -9 204.1 197.3
593 1 -9 -9 -9 158.3 199.1 -9 -9
593 1 -9 -9 -9 158.3 199.1 -9 -9
593383 1 156.5 -9 206.4 156.1 -9 -9 200
593383 1 156.5 -9 206.4 158.1 -9 -9 200
594 1 157.4 181.7 -9 158.2 198.9 9 -9
594 1 157.4 181.7 -9 158.2 198.9 9 -9
595 1 -9 -9 -9 156.7 198.9 184.9 ~9
595 1 -9 -9 -9 159.8 198.9 184.9 -9
602 1 156.5 -9 206.4 156.1 -9 -9 -9
602 1 156.5 -9 206.4 156.1 -9 -9 -9
606 1 154.4 -9 210.7 154.1 -9 -9 200
606 1 154.4 -9 _ 210.7 160.2 -9 -9 206.1
611 1 157.4 181.6 -9 158.2 198.8 182.3 178.9
611 1 157.4 181.6 -9 160.3 198.8 184.8 178.9
612 1 157.5 181.8 -9 158.8 199 -9 -9
612 1 159.6 181.8 -9 160.4 199 -9 -9
616 1 157.3 181.6 -9 158.1 198.8 183.9 178.9
616 1 159.4 181.6 -9 160.1 198.8 183.9 178.9
621 1 . 154.4 -9 203.6 156.1 -9 204 197.2
621 1 156.5 -9 203.6 158.1 -9 204 197.2
623 1 -9 178.9 201.3 177.7 -9 205 -9
623 1 -9 178.9 201.3 179.7 -9 205 -9
630 1 -9 183.6 199 158.3 198.8 -9 -9
630 1 -9 183.6 199 158.3 198.8 -9 -9
631 1 -9 -9 -9 158.6 198.8 -9 -9
631 1 -9 -9 -9 158.6 198.8 -9 -9
640 1 -9 -9 206.4 156.2 -9 -9 -9
640 1 -9 -9 206.4 156.2 -9 -9 -9
642 1 158.6 -9 206.4 156.1 -9 -9 -9
642 1 158.6 -9 206.4 156.1 -9 -9 -9
645 1 -9 -9 207.2 ·156.1 -9 -9 200.9
·645 1 -9 -9 207.2 158.1 -9 -9 200.9
651 1 157.5 181.8 199.2 158.3 199 182.9 -9
651 1 157.5 181.8 199.2 158.3 199 182.9 -9
652 1 157.3 181.6 -9 158.1 198.7 181.4 -9
652 1 159.4 181.6 -9 160.1 198.7 181.4 -9
653 1 152.4 -9 -9 178.1 -9 -9 148.8
653 1 152.4 -9 -9 178.1· -9 -9 148.8
655 1 152.2 -9 -9 178.2 -9 -9 148.6
655 1 154.8 -9 -9 178.2 -9 -9 148.6
656 1 154.4 -9 206.3 156.1 -9 -9 -9
30
656 1 154.4 -9 206.3 156.1 -9 -9 -9
657 1 154.4 -9 206.3 158.1 -9 -9 -9
657 1 154.4 -9 206.3 158.1 -9 -9 -9
658 1 158.1 181.2 -9 158.8 199 184.1 178.6
658 1 158.1 183.1 -9 158.8 199 184.1 178;6
659 1 157.4 181.7 199.1 157.3 198.9 185.4 179
659 1 157.4 183.6 199.1 160.3 198.9 185.4 179
663 1 154.4 -9 -9 158.2 -9 -9 199.9
663 1 154.4 -9 -9 158.2 -9 -9 199.9
666 1 -9 -9 198.7 158.7 198.5 181.5 -9
666 1 -9 -9 198.7 158.7 198.5 181.5 -9
667 1 -9 176.7 201.2 177.6 -9 204.9 -9
667 1 -9 176.7 201.2 179.6 -9 204.9 -9
668 1 -9 -9 -9 157.7 199 185.9 -9
668 1 -9 -9 -9 159.7 199 185.9 -9
671 1 152.3 -9 -9 178.1 -9 151.9 148.1
671 1 152.3 -9 -9 178.1 -9 151.9 151.9
672 1 -9 -9 206.4 156.2 -9 -9 -9
672 1 -9 -9 206.4 156.2 -9 -9 -9
678 1 154.3 -9 206.3 158.1 -9 206.7 200
678 1 158.5 -9 210.6 158.1 -9 206.7 200
679 1 157.4 -9 199.2 158.2 198.9 184.9 179
679 1 157.4 -9 199.2 158.2 198.9 184.9 179
681 1 -9 -9 -9 198.7 -9 184.4 -9
681 1 -9 -9 -9 198.7 -9 184.4 -9
690 1 159.5 181.7 -9 157.7 -9 182.3 178.9
690 1 159.5 181.7 -9 157.7 -9 184.9 178.9
696 1 159.4 181.6 199 158.1 198.8 182.3 -9
696 1 159.4 181.6 199 158.1 198.8 182.3 -9
701 1 150.8 -9 234.8 148.7 -9 -9 -9
701 1 150.8 -9 234.8 148.7 -9 -9 -9
704 1 158.4 181.7 199.1 158.2 198.8 182.8 179
704 1 158.4 181.7 199.1 158.2 198.8 182.8 179
705 1 157.4 181.6 199.1 157.6 198.9 181.4 178.9
705 1 159.4 181.6 199.1 157.6 198.9 184.8 178.9
707 1 157.5 181.7 -9 158.3 198.9 -9 -9
707 1 157.5 181.7 -9 158.3 198.9 -9 -9
-
713 1 154.8 -9 -9 177.9 -9 155.4 148.6
713 1 154.8 -9 -9 177.9 -9 157.3 152.1
717 1 159.5 181.2 199 158.6 198.8 182.3 178.5 .
717 1 159.5 181.2 199 158.6 198.8 182.3 178.5
721 1 156.8 183.2 -9 158.7 198.6 182.5 -9
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721 1 156.8 183.2 -9 158.7 198.6 182.5 -9
723 1 -9 -9 -9 158.3 199 -9 -9
723 1 -9 -9 -9 158.3 199 -9 -9
729 1 150.4 181.8 201.6 182.5 204.2 204 199.1
729 1 150.4 183.4 203.4 182.5 204.2 204 199.1
730 1 158.8 181.2 198.7 157.6 198.4 181.5 -9
730 1 158.8 181.2 198.7· 159.7 198.4 184.5 -9
733 1 -9 -9 -9 -9 -9 -9 -9
733 1 -9 -9 -9 -9 -9 -9 -9
734 1 156.8 181.2 198.7 158.6 198.5 184.1 -9
734 1 156.8 184 198.7 158.6 198.5 185.8 -9
742 1 152.2 178.4 -9 178 -9 153.1 148.6
742 1 152.2 178.4 -9 178 -9 156.6 148.6
748 1 152.3 -9 -9 178.2 -9 153.1 148.6
748 1 152.3 -9 -9 178.2 -9 156.7 148.6
751 1 -9 -9 -9 158.7 -9 -9 -9
751 1 -9 -9 -9 158.7 -9 -9 -9
752 1 157.4 181.6 199 158.2 198.8 181.4 178.9
752 1 157.4 181.6 199 158.2 198.8 184.8 181.6
754 1 -9 -9 -9 157.7 198.6 -9 -9
754 1 -9 -9 -9 157.7 198.6 -9 -9
755 1 157.4 181.7 -9 158.3 198.8 -9 -9
755 1 159.5 181.7 -9 158.3 198.8 -9 -9
757 1 152.1 178.3 -9 177.8 -9 152.9 148.7
757 1 152.1 178.3 -9 177.8 -9 156.4 148.7
758 1 157.4 -9 -9 157.7 198.9 184.1 178.5
758 1 157.4 -9 -9 157.7 198.9 184.1 178.5
762 1 -9 -9 201.6 -9 198.9 -9 -9
762 ·1 -9 -9 201.6 -9 198.9 -9 -9
764 1 157.4 181.7 199.1 157.2 198.8 184.9 179
764 1 157.4 181.7 199.1 157.2 198.8 184.9 179
767 1 159.6 181.8 -9 157.7 -9 -9 179
767 1 159.6 184.6 -9 157.7 -9 -9 179
·781 M 1 -9 -9 -9 -9 -9 -9 -9
781 M 1 -9 -9 -9 -9 -9 -9 -9
792 1 157.5 181.7 199.2 157.2 198.9 184.1 179
792 1 157.5 184.5 199.2 159.2 198.9 184.1 179
810 1 -9 -9 -9 158.2 198.8 -9 -9
810 1 -9 -9 -9 158.2 198.8 -9 -9
863 1 -9 -9 -9 157.6 198.8 184.9 -9
863 1 -9 -9 -9 157.6 198.8 184.9 -9
878 1 152.2 -9 -9 -9 -9 153.1 148.6
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878 1 154.8 -9 -9 -9 -9 156.7 148.6
882 1 157.4 181.6 199.1 157.7 198.8 182.3 178.9
882 1 157.4 181.6 199.1 157.7 198.8 184.8 181.6
885 1 157.4 181.7 199.1 158.3 198.9 184.6 179
885 1 157.4 181.7 199.1 160.3 198.9 184.6 179
894 1 156.8 181.2 198.7 156.6 198.5 182.4 -9
894 1 156.8 183.1 198.7 156.6 198.5 185 -9
901 1 158.4 181.6 199.1 157.1 198.9 181.4 -9
901 1 158.4 181.6 199.1 159.1 198.9 181.4 -9
910 1 156.7 181.2 198.7 157.6 198.4 184.9 -9
910 1 158.8 181.2 198.7 157.6 198.4 184.9 -9
940 1 157.4 181.7 199.1 158.2 198.9 -9 179
940 1 157.4 181.7 199.1 158.2 198.9 -9 179
RE610 1 157.5 183.7 199.3 157.3 199 -9 -9
RE610 1 157.5 183.7 199.3 160.3 199 -9 -9
no tags 1 157.5 181.7 199.2 158.2 199 182.4 -9
no tags 1 157.5 181.7 199.2 158.2 199 185.8 -9
5302007 1 -9 -9 -9 157.6 -9 -9 -9,
5302007 1 -9 -9 -9 157.6 -9 -9 -9
esc 1 156.7 -9 -9 157.6 -9 -9 -9
esc 1 156.7 -9 -9 157.6 -9 -9 -9
HTH 1 156.8 181.2 -9 157.6 198.4 182.4 -9
HTH 1 156.8 181.2 -9 157.6 198.4 182.4 -9
UNK 1 156.8 181.3 -9 -9 -9 185 -9
UNK 1 156.8 183.4 -9 -9 -9 185 -9
33
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899 2 159 -9 -9 184 179
900 2 157 182 -9 -9 -9
900 2 159 182 -9 -9 -9
902 2 157 184 158 182 -9
902 2 157 184 158 182 -9
905 2 159 182 -9 182 179
905 2 159 182 -9 184 181
906 2 157 182 -9 -9 -9
906 2 159 182 -9 -9 -9
916 2 159 -9 158 -9 -9
916 2 159 -9 158 -9 -9
923 2 157 -9 158 182 179
923 2 159 -9 158 184 179
926 2 159 184 158 -9 -9
926 2 159 184 158 -9 -9
928 2 157 182 -9 -9 179
928 2 159 184 -9 -9 179
939 2 157 182 158 -9 179
939 2 159 182 158 -9 179
944 2 157 182 158 182 -9
944 2 157 182 158 182 -9
ECM 2 157 182 158 -9 179
ECM 2 159 184 160 -9 179
417 1 -9 -9 158 -9 -9
417 1 -9 -9 158 -9 -9
426 1 157 182 158 -9 179
426 1 157 182 158 -9 179
426564 1 157 182 158 -9 179
426564 1 157 182 158 -9 179
526 1 157 182 158 -9 -9
526 1 157 182 158 -9 -9
536 1 157 -9 -9 -9 -9
536 1 157 -9 -9 -9 -9
539 1 157 -9 158 182 -9
539 1 157 -9 160 182 -9
541 1 159 182 -9 182 179
541 1 159 182 -9 182 179
553 1 157 -9 158 182 179
553 1 159 -9 158 182 181
555 1 -9 -9 158 -9 -9
555 1 -9 -9 160 -9 -9
556 1 157 -9 158 182 -9
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666 1 -9 -9 -9 182 -9
668 1 -9 -9 158 -9 -9
668 1 -9 -9 158 -9 -9
678 1 -9 -9 158 -9 -9
678 1 -9 -9 158 -9 -9
679 1 157 -9 158 -9 179
679 1 157 -9 158 -9 179
681 1 -9 -9 -9 184 -9
681 1 -9 -9 -9 184 -9
,
690 1 159 182 158 -9 179
690 1 159 182 158 -9 179
696 1 159 182 158 182 -9
696 1 159 182 158 182 -9
704 1 -9 182 158 -9 179
704 1 -9 182 158 -9 179
705 ,1 157 182 158 -9 179
705 1 159 182 158 -9 179
707 1 157 182 158 -9 -9
707 1 157 182 158 -9 -9
717 1 159 -9 -9 182 179
717 1 159 -9 -9 182 179
721 1 157 -9 -9 182 -9
721 1 157 -9 -9 182 -9
723 1 -9 -9 158 -9 -9
723 1 -9 -9 158 -9 -9
730 1 159 -9 158 -9 -9
730 1 159 -9 160 -9 -9
73,4 1 157 -9 -9 -9 -9
734 1 157 -9 -9 -9 -9
752 1 157 182 158 -9 -9
752 1 157 182 158 -9 -9
754 1 -9 -9 158 -9 -9
754 1 -9 -9 158 -9 -9
755 1 157 182 158 -9 -9
755 1 159 182 158 -9 -9
758 1 157 -9 158 184 179
758 1 157 -9 158 184 179
764 1 157 182 -9 -9 179
764 1 157 182 -9 -9 179
767 1 -9 -9 158 -9 179
767 1 -9 -9 158 -9 179
792 1 157 182 -9 184 179
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792 1 157 184 -9 184 179
810 1 -9 -9 158 -9 -9
810 1 -9 -9 158 -9 -9
863 1 -9 -9 158 -9 -9
863 1 -9 -9 158 -9 -9
882 1 157 182 158 -9 -9
882 1 157 182 158 -9 -9
885 1 157 182 158 -9 179
885 1 157 182 160 -9 179
894 1 157 -9 -9 -9 -9
894 1 157 -9 -9 -9 -9
901 1 -9 182 -9 -9 -9
901 1 -9 182 -9 -9 -9
910 1 157 -9 158 -9 -9
910 1 159 -9 158 -9 -9
940 1 157 182 158 -9 179
940 1 157 182 158 -9 179
RE610 1 157 184 -9 -9 -9
RE610 1 157 184 -9 -9 -9
notags 1 157 182 158 -9 -9
notags 1 157 182 158 -9 -9
53007 1 -9 -9 158 -9 -9
53007 1 -9 -9 158 -9 -9
esc 1 157 -9 158 -9 -9
esc 1 157 -9 158 -9 -9
HTH 1 157 -9 158 182 -9
HTH 1 157 -9 158 182 -9
UNK 1 157 -9 -9 -9 -9
UNK 1 157 -9 -9 -9 -9
